Two experimental series are reported using both reaction time (RT) and a data-limited perceptual report to examine the effects of perceptual load on object-based attention. Perceptual load was manipulated across 3 levels by increasing the complexity of perceptual judgments. Data from the RT-based experiments showed object-based effects when the target was near the cued location. Results from the data-limited procedure showed that, with low perceptual load, attention spread along the cued object, supporting an object-based attention account. As load increased, attention was constrained to object locations near the cue, but attention still favored the cued object, inconsistent with a scanning prioritization account of object-based attention effects. Furthermore, findings showed that perceptual load modulates object selection in a manner similar to spatial attention, suggesting that there might be a common process underlying object-based and spatial attention.
Because of the limited capacity of our cognitive system, selection by attention is necessary. Past studies have shown that the units of selection can be spatial locations (e.g., Eriksen & Yeh, 1985; Posner, Snyder, & Davidson, 1980) , as well as discrete objects (e.g., Duncan, 1984; Vecera, 1994) . A classic example of a cuing study examining object-based attention (OBA) is the work of Egly, Driver, and Rafal (1994) . They showed that simple target detection was faster (shorter reaction time [RT] ) when the target was located on the cued object in comparison with the equidistant target location on an uncued object. In the strong version of OBA, the time difference to detect these equidistant targets is presumed to be due to sensory enhancement of the representation of the cued object through selective attention to that object.
Sensory enhancement is only one of many possible mechanisms accounting for OBA. Sensory enhancement suggests that the deployment of attentional resources over a perceptual group formed as a result of Gestalt principles (e.g., Baylis & Driver, 1992) or a cued object (e.g., Egly et al., 1994) improves the quality of a sensory representation of that group or object (Müller & Findlay, 1987; Posner et al., 1980) . In other words, the perceptual groups and cued object representations over which attentional resources are allocated have greater spatiotemporal resolutions than those to which no or little attentional resources have been allocated. As a result, information processing for these perceptual groups and cued objects is faster and more accurate. In addition, a sensory enhancement mechanism assumes that attentional resources spread over a cued object including any occluded regions of the cued object (Davis & Driver, 1997a , 1997b Moore & Fulton, 2005 ; but see Haimson & Behrmann, 2001 ) and that the spread stops when object boundaries are met (Desimone & Duncan, 1995) .
Other explanations of OBA do not postulate that the representation of an object is selectively enhanced by attention but rather that cued objects get preferential treatment by attention. These accounts propose that attentional search is prioritized to occur within objects (Avrahami, 1999; McCarley, Kramer, & Peterson, 2002; Shomstein & Yantis, 2002) . Therefore, when attention moves within regions of space, the presence of objects guides attention to search within the boundaries of those objects first, followed by locations outside the object boundaries. There is no sensory enhancement for locations within objects, only a more rapid selection process.
As with most theories, the truth probably falls between the two extremes. The present work examines the possibility that the perceptual load of the task may account for failures to yield data consistent with the sensory enhancement account (e.g., Shomstein & Yantis, 2002) . We hypothesize that sensory enhancement through OBA (i.e., enhancement between cued object and uncued object) will be strongest when perceptual load is the greatest. Furthermore, on the basis of work suggesting the inadequacy of reaction time (RT)-based paradigms to detect enhancement (Prinzmetal, McCool, & Park, 2005) , we use both a standard RT version and a data-limited accuracy (ACC)-based version. We predict that, although the results of the RT-based paradigms will be equivocal with respect to enhancement versus prioritization, the ACC-based version will provide more definitive evidence of sensory enhancement.
Perceptual Load Hypothesis Lavie (1995) reported that the debate regarding early versus late selection in attention could be reconciled by taking the perceptual load of stimuli into account. The main concern of the early versus late selection debate is the extent of processing for unattended information (see Driver, 2001 , for a review). Early selection theory claims that only stimuli within the attentional locus are fully processed (Eriksen & Yeh, 1985) . Alternatively, the late selection theory posits that many incoming stimuli are identified and rec-ognized without any capacity limitations (Deutsch & Deutsch, 1963) .
Perceptual load refers to the attentional resources that are required to execute perceptual routines (e.g., feature analysis and integration) to resolve perceptual problems such as target identification (Lavie, 1995) . Perceptual load can be manipulated by the number of target-relevant items and the nature of processing for each item. Two primary principles are assumed. First, the attentional resources to process stimuli are limited. Second, when the perceptual load of processing relevant information approaches or exceeds the upper limit of available attentional resources, selection of information to be processed must occur (early selection). However, if perceptual load is low, irrelevant information may be unintentionally selected (late selection).
Lavie (1995, Experiment 2A) used a response-compatibility paradigm to examine the interference effects produced from a distractor when perceptual load was manipulated. She presented participants with a colored (red or blue) shape (a circle or a square) and a black target letter (either a capital H or U) in the center of the display. A larger distractor letter was located above or below the center. This distractor letter could be compatible, incompatible, or neutral in relation to the target letter. A go/no-go procedure was used in this study. Participants made a forced two-choice response to the target letter only on "go" trials. Lavie manipulated the perceptual load by requiring participants to execute two different processes to the colored shape. In the low-load condition, participants were asked to attend to color regardless of shape (circle or square). When the color was blue (75% of total trials), participants responded to the target letter (go trial); otherwise, participants withheld their responses (no-go trial). In the high-load condition, participants attended to the conjunction of colors and shapes. When either a red circle or a blue square appeared, participants made responses to the target letter (go trial); otherwise, participants withheld their responses (no-go trial).
Results showed that only in the low-load condition did an incompatible distractor letter slow down the latency of responses to the target letter in comparison with the neutral distractor letter. Lavie (1995) posited that, while processing the colors of the shapes (low-load condition), spare attentional resources could "unintentionally" be allocated to the irrelevant distractor letter. As a result, the distractor letter interfered with the processing of the target letter. However, when the conjunction of colors and shapes was processed (high-load condition), attentional resources were exhausted so that the irrelevant distractor letter was rejected from further processing. Hence, the interference effect was not obtained in the high-load condition.
Given that perceptual load has been shown to modulate the processing of the unattended information, it is of interest to ask whether perceptual load also modulates attentional allocation to objects. Several studies have shown that the spatial regions are occupied by objects on which attention is allocated (e.g., Kramer, Weber, & Watson, 1997; Vecera, 1994; Weber, Kramer, & Miller, 1997) , suggesting one way to link perceptual load theory and OBA. If object-based effects are modulated by perceptual load, then there may be a common attention mechanism for OBA and spatial attention, such as proposed by grouped-array accounts of OBA.
How might the perceptual load hypothesis apply to OBA? In the presence of objects, when perceptual load in a given task is low, attention might "unintentionally" distribute to farther locations on the attended objects. Any sensory enhancement would be reduced as well, as the attentional gradient is spread thinly on the attended objects. Alternatively, when the perceptual load in a given task is high, attention must concentrate on relatively smaller regions on the attended objects. As a result, sensory enhancement would be strongest in high-load conditions. It is also possible that attentional resources might not spread "precisely" on those spatial locations occupied by the object, as Vecera and Farah (1994) suggested. Possibly, in addition to the attended object, attentional resources could spill out in a space to nearby locations or even to nearby objects, reminiscent of spatial attention. That is, attentional resources could decrease gradually over distance from the cued object, much like spatial attention (e.g., Downing, 1988; Shulman, Wilson, & Sheehy, 1985) .
Therefore, the load-modulated OBA could be qualified by a significant three-way interaction of perceptual load, object (attended or unattended), and location (near or far). Moreover, when the perceptual load is low, the interaction of object and location might not be obtained, because attention unintentionally distributes to farther locations on the attended objects. However, when the perceptual load is high, the interaction of object and location is predicted to be significant, because attention must concentrate on relatively smaller regions on the attended objects.
To detect this three-way interaction, it is necessary to use procedures that rely on more than just RT. An extensive article by Prinzmetal et al. (2005) made a strong case that RT-based measures alone are ineffective for detecting effects that involve sensory (or what they term channel) enhancement. They forcefully argue that it is only through the use of ACC-based measures that one will be able to distinguish enhancement effects.
The ACC and RT measures are proposed to reflect qualitatively different aspects of processing: perceptual vs. decision processes (Prinzmetal et al., 2005; Santee & Egeth, 1982) . Enhanced perceptual representation because of perceptual processes affects both ACC and RT (Norman & Bobrow, 1975) . On the other hand, decision processes influence RT (Prinzmetal et al., 2005) . The perceptual and decision processes are sometimes dichotomized as early vs. late process (e.g., Santee & Egeth, 1982) or proposed to be mediated by different neural mechanisms without any claims of time course (e.g., Prinzmetal et al., 2005) . We do not argue for either proposal in the present study. The present goal is to use both ACC-and RT-based measures to provide some insight into the debate between the sensory enhancement and attentional prioritization accounts of OBA.
The present experiment design adopts two versions of the same general design to isolate RT-based data from ACC-based data and thus disambiguate enhancement from prioritization. The first version used RT as the primary dependent variable. Previous cuing studies have used RT as the primary dependent variable to examine object effects (e.g., Egly et al., 1994; Lavie & Driver, 1996) . In such a paradigm, participants usually have sufficient posttarget presentation time (e.g., 2,000 ms in Egly et al., 1994) to process the target. The results typically show RT differences across manipulated conditions (RTs are smaller when a target is on the attended object than those when it is on the unattended one) but not accuracy differences. These RT-based cuing studies reflect the overall amount of time for executing all necessary processes from sensory encoding to response execution (Moore, Yantis, Vaughan, & Handwerker, 2001; Santee & Egeth, 1982) . The object-based change in the perceptual quality could influence RT (Norman & Bobrow, 1975) . However, this influence could be attenuated by other processes such as response execution. Thus, RT might not be a proper dependent variable to measure attentional allocations on objects if one wants to explore sensory enhancement.
Another reason why RT is not a proper measure for investigating attentional allocations on objects is that RT cannot filter out another possible mechanism of OBA, attentional prioritization (e.g., Moore et al., 2001; Shomstein & Yantis, 2002 ). An attentional prioritization account suggests that better performance (as indicated by shorter RTs and higher accuracy) for the cued object is due to an attentional "investigation" of the cued object before other regions in a scene are checked. This attentional prioritization affects only the order of attentional scanning and not the quality of object representations. That is, an attentional prioritization account suggests that the initial deployment of attention does not respect object boundaries (i.e., both attended and unattended object representations have the same qualities). Rather, subsequent movements of attention are due to a predisposition to scan attended objects first. Thus, object effects are due to a scanning time difference between attended and unattended objects. Because both sensory enhancement and attentional prioritization accounts predict longer RTs when attention is oriented to the uncued object, cuing studies using RT as the dependent variable cannot distinguish between these two mechanisms. Therefore, the present study included a set of experiments using a data-limited procedure (Norman & Bobrow, 1975; Santee & Egeth, 1982) with accuracy rate (ACC) as a primary dependent variable. We used the datalimited method to examine sensory enhancement and control for the attentional prioritization account.
The six experiments in the present study were categorized by the two types of dependent measure: RT-based (Experiments 1A, 1B, and 1C) and ACC-based versions (Experiments 2A, 2B, and 2C). The purpose of the RT-based version was to replicate the typical object effect (e.g., Egly et al., 1994; Lavie & Driver, 1996) . Target detection or identification is typically faster (shorter RTs) when a target is on the attended object than when a target was at the unattended object. Because RT-based measures are ineffective for measuring differences in attentional allocation (Prinzmetal et al., 2005; Santee & Egeth, 1982) that were manipulated by changing perceptual load in the present study, it was predicted that a threeway interaction of perceptual load, object, and location would not be obtained. The purpose of the data-limited, ACC-based version was to examine attentional allocation over objects and how this allocation might contribute to OBA. This method will be more completely reviewed before Experiments 2A-2C. Because ACCbased measures are sensitive to attentional allocation (Prinzmetal et al., 2005; Santee & Egeth, 1982) , a three-way interaction of perceptual load, object, and location was predicted. That is, when the perceptual load is low, the interaction of object and location might not be obtained. However, when the perceptual load is high, the interaction of object and location is predicted to be significant.
Experimental Design
In the present study, six experiments were separated into two groups: the RT-based versions (Experiments 1A, 1B, and 1C) and ACC-based versions (Experiments 2A, 2B, and 2C). The experimental arrangements are listed in Table 1 . Each experiment (e.g., Experiment 1A) in one group (e.g., RT-based version) had a corresponding experiment (e.g., Experiment 2A) in the other group (e.g., ACC-based version). The designs of the corresponding experiments in two groups (e.g., Experiments 1A and 2A) were similar except that in the ACC-based version, a mask was added to reduce the target presentation time (a data-limited method). The purpose of RT-based version was to replicate the typical object effect (e.g., Egly et al., 1994) . The purpose of the ACC-based version was to examine attentional deployment on objects and provide a stronger test of the sensory enhancement account of OBA.
Perceptual load was manipulated by using different tasks within the two versions of the OBA experiments (Experiments 1 and 2): a color discrimination task, a shape discrimination task, and a color/shape conjunction discrimination task.
General Stimuli in All Experiments
The experimental task was designed to engage the participants to strengthen the obtained object effects (e.g., Atchley & Kramer, 2001 ). The viewing distance was 80 cm in all experiments. Participants were instructed that they were in a police helicopter, and from this vantage point they would view two intersecting roads (as depicted on the computer monitor). Their duty was to assist the police car (which served as a spatial precue) in the pursuit of a suspect car (either a square-roofed car or a round-roofed car). On each trial, two straight roads (one gray and the other yellow) were presented for 1,000 ms. The two "roads" overlapped at their midpoints, at the center of a green background. The width of each road was 1.15°. One road was tilted 18°clockwise from a horizontal road. The four combinations of two colors (gray and yellow), and two occlusions (horizontal road occluding the tilted road or vise versa) were randomized with equal probability.
A red police car (the spatial precue) flashed at one of four locations close to the ends of the roads for 100 ms. The four police car locations were each equally as likely to serve as cues. After the precue, a target appeared. The target was presented at one of five possible locations. Four distractors (white cars) occupied the remaining four locations. The sizes of the cue, target, and distractors were the same; all had a length of .60°and a width of .32°. The target could be at the same location as the cue (valid condition), near the cue in the same road (same/near condition), near the cue in a different road (different/near condition), far away on the same road (same/far condition), or far away on a different road (different/far condition). The same/near and different/near locations were equidistant from the cued location (2.4°). Also, the same/far and different/far locations were equidistant from the cued location (10.2°). Before the experiment, participants in RT-based versions were instructed to respond as quickly as possible, and participants in ACC-based versions were instructed to respond as accurately as possible without emphasis on speed. Participants pressed either the "z" or the "/" key on a keyboard to respond to the two corresponding targets. Button press was counterbalanced across participants. A sample stimulus is displayed in Figure 1 . Experiment 1A
Method
Participants. Fourteen undergraduate students from the University of Kansas participated in this study. All of them reached over 90% accuracy on the task. Each had normal or corrected-tonormal vision.
Apparatus. Stimuli were presented and data were collected on an Acer PC with a 17-inch (43.18-cm) monitor using E-Prime (Psychology Software Tools).
Stimuli and procedure. After two crossed roads were presented for 1,000 ms, the spatial precue flashed at one of four locations close to the ends of the "roads" for 100 ms. After an interstimulus interval (ISI) of 200 ms after the offset of the precue, a target appeared at five possible locations. The target could be at the same location as the cue (valid condition; 72%), near the cue in the same road (same/near condition; 7%), near the cue in different road (different/near condition; 7%), far away on the same road (same/far condition; 7%), or far away on a different road (different/far condition; 7%). A color discrimination task was used. The shape and size of the target was the same as the distractor (a rectangle with 0.60°in length and 0.32°in height) and the target was colored either blue or purple with equal probability. The target stayed on the screen until a response had been recorded or the trial timed out after 2,000 ms. There were 20 practice trials followed by 400 experimental trials.
Results and Discussion
Mean error rate was 4.0%. RTs (based on correct responses) faster than 200 ms and plus or minus 3 standard deviations from the mean RT in each target condition were removed. The removal rate was 0.6%. The mean RTs and their standard errors are shown in Table 2 . To examine the location and object effects, we conducted a two-way analysis of variance (ANOVA) of Location (near or far from the cued location) ϫ Object (same or different from the cued object) for RTs. The main effects were significant for location, F(1, 13) ϭ 18.79, MSE ϭ 3,657.0, p Ͻ .005, p 2 ϭ .591; and object, F(1, 13) ϭ 8.63, MSE ϭ 2,230.4, p Ͻ .05, p 2 ϭ .399; showing that target discrimination was faster when the target was on the cued object or on the uncued location near to the cue. The interaction was also significant, F(1, 13) ϭ 7.31, MSE ϭ 1,521.7, p Ͻ .5, p 2 ϭ .360; indicating that object effect was obtained only when the target was near to the cue.
Experiment 1B

Method
Apparatus. The apparatus was the same as Experiment 1A.
Stimuli and procedure. The stimuli and procedure were similar to those of Experiment 1A, with the following exceptions. The shape discrimination task was used instead of the color discrimination task. The target was white, and either a square-roofed car (a small 0.39°ϫ 0.29°rectangle inside the 0.60°ϫ 0.32°rectan-gle) or a round-roofed car (a small 0.39°ϫ 0.29°oval inside the 0.60°ϫ 0.32°rectangle) was used with equal probability.
Results and Discussion
Mean error rate was 2.0%. The same exclusion criteria were used, resulting in loss of 1.4% of the trials. A two-way ANOVA of Location ϫ Object for RTs showed significant main effects of location, F(1, 13) ϭ 117.13, MEe ϭ 3,591.1, p Ͻ .0001, p 2 ϭ .900; and object, F(1, 13) ϭ 20.23, MSE ϭ 604.1, p Ͻ .001, p 2 ϭ .609. Again, target discrimination was faster when the target was on the cued object or on the uncued location near to the cue. The interaction was also found, F(1, 13) ϭ 4.87, MSE ϭ 1,420.9, p Ͻ Figure 1 . Sample stimuli in the present study. In this example, a precue (not shown) appears at the left side of the horizontal road. There will be five possible target locations. In this case, the target car (square-roof car) is at the same/near location (see the content for details). Four distractor cars (white cars) appear at the remaining four locations.
.05, p 2 ϭ .272; again showing that object effect was obtained only when the target was near to the cue.
Experiment 1C
Method
Stimuli and procedure. The stimuli and procedure were similar to those of Experiment 1B, with the following exceptions. There were 384 valid trials (75%) and 32 trials (6.25%) for each invalid condition (same/near, different/near, same/far, and different/far conditions), for a total of 512 trials. There were 2 colors (blue or purple) ϫ 2 shapes (round-roofed or square-roofed) combinations of target with equal probability: purple round-roofed, blue square-roofed, blue round-roofed, or purple square-roofed car. The color was painted on the small rectangle or small oval inside the .60°ϫ .32°rectangle.
In Versions A and B, the proportion of valid trials was 72%, and the proportion of each of the four invalid trials was 7%. In Version C, the proportion was slightly different: 75% in the valid condition and 6.25% in each of the four invalid conditions. Using a slightly different validity in Version C was necessary to obtain the proper counterbalancing and to maintain the same approximate experiment duration. Both values are in the typical validity range. To preview, there were no trends in any of the data to suggest that this small difference produced differences in participant performance.
Results and Discussion
The mean error rate was 6.0%. The same exclusion criteria were used, resulting in a loss of 2.1% of the trials. A two-way ANOVA of Location ϫ Object for RTs showed significant main effects of location, F(1, 13) ϭ 96.92, MSE ϭ 2,313.6, p Ͻ .0001, p 2 ϭ .882; and object, F(1, 13) ϭ 10.1, MSE ϭ 1,063.1, p Ͻ .05, p 2 ϭ .437. Again, target discrimination was faster when the target was on the cued object or at the uncued location near to the cue. The interaction was found, F(1, 13) ϭ 5.1, MSE ϭ 2,586.6, p Ͻ .05, p 2 ϭ .281; again showing that the object advantage was obtained only when the target was near to the cue.
Examination of Object Effects and Perceptual Load Manipulation Across Experiments
To examine the object effects and manipulation of perceptual load across experiments, we conducted a three-way mixed ANOVA of Condition (Experiments 1A, 1B, and 1C) ϫ Location (near or far relative to the cued location) ϫ Object (same or different from the cued object). No three-way interaction was found, F(2, 39) ϭ 0.142, p 2 ϭ .007. There was significant main effect of load, F(2, 39) ϭ 42.27, MSE ϭ 26,265.4, p Ͻ .0001, p 2 ϭ .684; indicating a successful manipulation of load across experiments. To further examine the main effect of load, we made all post hoc comparisons in all experiments by using the Bonferroni test. The mean RT in Experiment 1A (mean RT ϭ 586 ms) was smaller than that in Experiment 1B (mean RT ϭ 753 ms), which was smaller than that in Experiment 1C (mean RT ϭ 866 ms). We found significant main effects of distance, F(1, 39) ϭ 199.34, MSE ϭ 3,220.6, p Ͻ .0001, p 2 ϭ .836; and object, F(1, 39) ϭ 31.96, MSE ϭ 1,299.2, p Ͻ .0001, p 2 ϭ .450; showing that target discrimination was faster when it was near or on the cued object.
We also found 2 two-way interactions of Distance ϫ Object, F(1, 39) ϭ 16.63, MSE ϭ 1,843.1, p Ͻ .0001, p 2 ϭ .299; and Distance ϫ Load, F(2, 39) ϭ 11.41, MSE ϭ 3,220.6, p Ͻ .0001, p 2 ϭ .369. Further analysis on the Distance ϫ Object interaction showed that RT-based object effects were obtained only when the target was near to the cued location. Further analysis on Distance ϫ Load interaction showed significant distance effects in all three load conditions. Moreover, the distance effects in Experiment 1A (color discrimination) were significantly smaller than those in Experiments 1B (shape discrimination) and 1C (shape/ color conjunction discrimination).
Discussion of Experiments 1A-1C
As we expected, because the RT-based measures are less optimal for measuring the allocation of OBA (Prinzmetal et al., 2005; Santee & Egeth, 1982) , the three-way interaction of perceptual load, object, and location was not obtained. Instead, the results from all the RT-based experiments showed comparable object effects at nearby locations on an object. That is, there is a cost to RT when attention moves to a near-target location in an unattended object relative to an equidistant target location on the attended object (i.e., a near object effect). These results are consistent with previous cuing studies using RT as a primary dependent variable (e.g., Egly et al., 1994) . Furthermore, although perceptual load was low in the first experiment, the object-based effects remained constrained to nearby locations alone. The lack of OBA effects at far locations indicate that OBA effects are influenced by distance. Attention may not scan the entirety of the attended object before it moves to a different object (e.g., McCarley, Kramer, & Peterson, 2002; Shomstein & Yantis, 2002) , or it may operate in a purely spatial manner. It is not clear in what way attention selects the far locations. One possibility is that, after the near objects (both attended and unattended), attention may move to either object with equal probability, or attentional focus might be "zoomed out" to cover the far locations of the two objects. We revisit this issue in the following accuracybased experiments.
Experiments 2A-2C
The present set of experiments used a data-limited method (Norman & Bobrow, 1975; Santee & Egeth, 1982) to examine processing stages that involve object representations. The quality of extracted input data can be examined by measuring ACC. The data-limited condition is met by reducing target presentation time (e.g., after a brief target exposure time, the target is masked). In this case, the ACC data reflects the effectiveness of processes that extract information from stimuli. Because responses are not speeded in the data-limited condition, later processes such as response selection and execution can be accomplished equally well across manipulated conditions (Moore et al., 2001 ).
Experiment 2A
Method
Participants. Twenty-four undergraduate students from the University of Kansas participated in this study. All participants reached between 75% and 90% accuracy rates. Each had normal or corrected-to-normal vision.
Apparatus. The apparatus was the same as that in Experiment 1A.
Stimuli and procedure. The stimuli and procedure were similar to those of Experiment 1A, except that a data-limited method was used. After a 200-ms ISI, the target was displayed for a variable duration and followed by a 500-ms mask of a pound (#) symbol. A variable target-to-mask stimulus-onset-asynchrony (SOA) was adaptively adjusted for each participant by using a PEST procedure (Parameter Estimation by Sequential Testing; Taylor & Creelman, 1967) to produce average 85% accuracy rates across all conditions (valid, same/near, same/far, different/near, and different/far conditions). After the offset of mask, the stimuli (roads, distractors, and a mask) disappeared. The word "ANSWER" appeared in uppercase letters at the center of the monitor to indicate the start of responses. The word "ANSWER" stayed on the screen until a response had been made. In the data-limited procedure, ACC was the primary dependent variable analyzed.
Results and Discussion
Accuracy rate was 84% (SD ϭ 3.6%). Mean target-to-mask SOA was 78 ms (SD ϭ 26 ms). The mean ACCs and their standard errors are shown in Table 3 . A two-way ANOVA of location (near or far from the cued location) and object (same or different from the cued object) for ACCs was conducted. We found main effects of location, F(1, 23) ϭ 53.20, MSE ϭ 0.026, p Ͻ .0001, p 2 ϭ .698; and object, F(1, 23) ϭ 38.89, MSE ϭ 0.054, p Ͻ .0001, p 2 ϭ .628. These main effects indicate that target discrimination was more accurate when the target was near the cued location or when the target was on the cued object. The interaction was not significant, F(1, 23) Ͼ 0.2, p 2 ϭ .01.
Experiment 2B
Method
Stimuli and procedure. The stimuli and procedure were similar to those of Experiment 2A, except that the shape discrimination task was used instead of the color discrimination task.
Results and Discussion
Accuracy rate was 83% (SD ϭ 2.4%). Mean target-to-mask SOA was 135 ms (SD ϭ 33 ms). A two-way ANOVA of location and object for ACCs was conducted. We found main effects of location, F(1, 23) ϭ 15.66, MSE ϭ 0.024, p Ͻ .001, p 2 ϭ .405; and object, F(1, 23) ϭ 10.14, MSE ϭ 0.008, p Ͻ .005, p 2 ϭ .306. These effects indicate that target discrimination was more accurate when the target was near to the cued location or when the target was on the cued object. The interaction was also significant, F(1, 23) ϭ 12.08, MSE ϭ 0.010, p Ͻ .005, p 2 ϭ .344. Further analysis on this interaction showed that when the target was near the cued location, target discrimination was more accurate when the target was on the cued object (mean ACC ϭ .70) than when it was on the uncued object (mean ACC ϭ .57). Nevertheless, when the target was far from the cue, target discriminations on cued (mean ACC ϭ .50) and uncued (mean ACC ϭ .51) objects were comparable and did not differ from chance level, showing that few, if any, attentional resources were distributed on the far locations.
Experiment 2C
Method
Participants. Twenty undergraduate students from the University of Kansas participated in this study. All participants reached between 75% and 90% accuracy rates. Each had normal or corrected-to-normal vision.
Stimuli and procedure. The stimuli and procedure were similar to those of Experiment 1C, except that a data-limited procedure was used.
Results and Discussion
Accuracy rate was 86% (SD ϭ 3.2%). Mean target-to-mask SOA was 127 ms (SD ϭ 11 ms). The mean ACCs and their standard errors are shown in Table 3 . A two-way ANOVA of location and object for ACCs was conducted. We found main effects of location, F(1, 19) ϭ 115.17, MSE ϭ 0.01, p Ͻ .0001, p 2 ϭ .858; and object, F(1, 19) ϭ 23.57, MSE ϭ 0.006, p Ͻ .0001, p 2 ϭ .554. These effects indicate that target discrimination was more accurate when the target was near the cued location or when the target was on the cued object. The interaction was also significant, F(1, 19) ϭ 18.28, MSE ϭ 0.004, p Ͻ .0001, p 2 ϭ .490. Further analysis on this interaction showed that when the target was near the cued location, target discrimination was more accurate when the target was on the cued object (mean ACC ϭ .83) than when it was on the uncued object (mean ACC ϭ .69). Nevertheless, when the target was far from the cue, target discriminations on cued (mean ACC ϭ .53) and uncued (mean ACC ϭ .51) objects were comparable and did not differ from chance level, showing that few, if any, attentional resources were distributed to the far locations.
Examination of Object Effects and Perceptual Load Manipulation Across Experiments
To examine the object effects and manipulation of perceptual load across experiments, we conducted a three-way mixed ANOVA of Condition (Experiments 2A, 2B, and 2C) ϫ Location (near or far from the cued location) ϫ Object (same or different from the cued object). We obtained main effects of location, F(1, 65) ϭ 132.31, MSE ϭ 0.020, p Ͻ .0001, p 2 ϭ .671; and object, F(1, 65) ϭ 63.68, MSE ϭ 0.007, p Ͻ .0001, p 2 ϭ .495. These main effects indicate that target discrimination was more accurate when the target was near the cued location or when the target was on the cued object. Furthermore, there were 2 two-way interaction effects of Location ϫ Object, F(1, 65) . The Location ϫ Object interaction showed that the ACC-based object effect was found only when the target was near the cue ( p Ͻ .0001) rather than when it was far from the cue. The Location ϫ Load interaction showed distance effects in all three load conditions. Moreover, the distance effects in Experiment 2B (shape discrimination) were significantly smaller than those in Experiments 2A (color discrimination) and 2C (shape/color conjunction discrimination).
The critical three-way interaction was significant, F(2, 65) ϭ 4.19, MSE ϭ 0.006, p Ͻ .05, p 2 ϭ .114. To further analyze this interaction, we conducted a 2 ϫ 2 ANOVA of location and object for each load condition. For Experiment 2A, significant main effects of object and location were found, but no interaction was found. That is, color discrimination was more accurate when it was near the cue or on the cued object. For Experiments 2B and 2C, main effects and the interaction effect were significant. Further analysis of the interaction showed that when the target was near to the cued location, discrimination (shape and shape/color conjunction) was more accurate when the target was on the cued object ( ps Ͻ .0001). Nevertheless, when the target was far from the cue, target discriminations on cued and uncued objects were comparable ( ps Ͼ .3).
Discussion of Experiments 2A-2C
The critical significant three-way interaction of object, location, and load for ACC measures suggests that object-based and spacedbased attention share common mechanisms (e.g., Experiment 2A). Attention was distributed widely, thus leading to ACC differences between same and different object locations, regardless of cuetarget distance (i.e., main object effect). When perceptual load was high (e.g., Experiments 2B and 2C), attention was concentrated near the cue locations to the cued object, improving task performance (i.e., Object ϫ Location interaction).
The finding that greater ACC on the cued objects across perceptual loads in a data-limited procedure is consistent with the idea of default attentional resources allocated to the cued object (e.g., Duncan, 1984) . Default attentional allocation to the attended objects means that attention is predisposed to spread on the relevant object (e.g., a cued object in the present study). This default attentional distribution to the attended object is in opposition to the predictions of scanning prioritization (Shomstein & Yantis, 2002) . According to the scanning prioritization account, attentional allocations do not respect object boundaries. That is to say, attentional resources do not distribute along the attended object and therefore do not lead to higher ACC when a target is on the attended object relative to when a target is on the unattended object.
If scanning prioritization were correct, the mean ACC differences between the same-object and different-object conditions should always be equivalent regardless of the amount of perceptual load (i.e., lack of object main effect). However, in the present study, the mean ACC differences between the same/near and different/near conditions were always larger than zero. The scanning prioritization account cannot fully explain the asymmetry of ACC performance in the present data-limited procedure. Future studies are needed to further examine the proposal of the default attentional distribution on the attended object. For instance, a task easier than the present color discrimination task (Experiment 2A) might be used to examine whether the observed mean ACC differences maintain.
General Discussion
The present study used a cuing paradigm (e.g., Egly et al., 1994) and both RT and ACC-based measures to examine how objectbased selection takes place and what mechanism can account for enhanced performance for cued objects. The RT-based measures were used to replicate the object effects obtained from numerous previous cuing studies (e.g., Egly et al., 1994) . The ACC-based measures were used to examine the quality of object representations (e.g., Moore et al., 2001 ). In addition, perceptual load was manipulated across experiments (i.e., the lowest perceptual load was in Experiment 1A, and the highest perceptual load was in Experiment 1C).
There were two questions asked in the present study. First, can the perceptual load hypothesis, developed in the spatial attention framework (e.g., Lavie, 1995) , be applied to object-based attention theory? In the present study, ACC-based measures showed that perceptual load modulated the amount of attentional spread over the attended object in a manner similar to that predicted by the spatial attention framework (i.e., Lavie, 1995) . When the perceptual load was high (e.g., Experiments 2B and 2C), attentional resources were concentrated near the cue, thus improving target discrimination. Alternatively, when the perceptual load was low (e.g., Experiment 2A), attentional resources were sufficient to spread to the farther part of the attended object.
The second question asked how sensory enhancement influenced object effects? RT-based measures across different perceptual load conditions showed robust, comparable object-based effects when attention moved to a near target on an unattended object. On the other hand, ACC-based measures showed that attentional resources were modulated by the amount of perceptual load. Specifically, under conditions of low load, attention was able to extract more information from the cued object (object main effect) and nearby locations (location main effect). However, when perceptual load was increased, the spread of attention seemed to be highly localized. That is, attention extracted more information from near locations on the cued object in comparison with the equally distant locations on the uncued object.
One might argue that the data-limit method (ACC-based measure), which creates degraded targets, is not the perfect tool to measure the quality of sensory object representations. Degrading the target might increase task difficulty, causing higher perceptual load in the ACC-based measure than that in the RT-based measure. For example, the perceptual load in Experiment 2A might be higher than in Experiment 1A; thus, the ACC-based performance in Experiment 2A might reflect only the sensory representations in that particular experiment, but not Experiment 1A. Increasing task difficulty by adding a posttarget mask does not necessarily result in a higher perceptual load (Lavie, 2001; Lavie & deFockert, 2003; Norman & Bobrow, 1975) . Lavie and deFockert (2003, Experiment 2) demonstrated that degraded targets increased the task difficulty but did not increase the perceptual load. They presented a target letter (either N or X) in one of eight possible locations in an imaginary circle. A distractor letter that was compatible (the same as a target letter), neutral (a letter P), or incompatible (the alternative letter) was presented to either the right or left side of the imaginary circle. Three conditions were manipulated: a high-load condition (the other seven locations in the imaginary circle were occupied by nontarget letters), a low-load condition (the target alone appeared in the circle), and a degraded low-load condition (display appeared briefly and then was masked by eight # symbols).
Task difficulty was assessed by comparing mean RTs across the three load conditions. Perceptual load was evaluated by comparing distractor interference effects (mean RTs in the incompatibledistractor condition minus mean RTs in the neutral-distractor condition) across the three load conditions. The high-load condition was more difficult than the degraded low-load condition, which was, in turn, more difficult than the low-load condition. Furthermore, Lavie and deFockert (2003, Experiment 2) found comparable distractor interference effects in the low-load and degraded low-load conditions but not in the high-load condition. In the high-load condition, large attentional demands were needed to search for a target among several nontarget letters, causing few, if any, attentional resources to be allocated over a distractor letter and thus leading to no distractor interference. Although both a larger set size (high-load condition) and sensory degradation of the target (degraded low-load condition) increased the task difficulty, opposite effects were found for direction of distractor interference. Therefore, Lavie and deFockert suggested that the increase in task difficulty due to target degradation could not be compensated for by applying more attentional demand (i.e., increasing perceptual load); otherwise, there should be no distractor interference as found in the degraded low-load condition. Thus, according to Lavie and deFockert's (2003) findings, the present ACC-based measures (Experiments 2A to 2C) should not increase perceptual load in relation to the corresponding RT-based measures (Experiments 1A to 1C).
The RT-based experiments (i.e., Experiments 1A to 1C) showed consistent object-based selection; that is, attention takes extra time to search for a target on an unattended object in comparison with an equidistant target on an attended object. One of the questions that object-based theorists ask is whether attention operates on spatially-invariant (Vecera, 1994) or grouped-array (Kramer, Weber, & Watson, 1997) object representations? Proponents of the spatially-invariant object representation account argue that attention can operate on "pure" object representations in which space plays no role. Alternatively, proponents of the grouped-array representation approach suggest that the selection of spatial locations is guided by objects.
The results from RT-and ACC-based measures in the present study provide converging evidence that attention operates on grouped-array object representations. The RT-based measures showed that attention takes more time to search for a farther target on a cued object (a distance effect), consistent with Egly et al. (1994) . That is, the distance effect was more sizable when a far target was presented (the cue-target distance was 10.2°) than when a near target was shown (the cue-target distance was 2.4°). The ACC-based experiments in the present study demonstrated that ACC for identifying a target decreased when the target was farther from the cue. A likely explanation is that attentional resources were not allocated to the entirety of an attended object uniformly; instead, they might have been allocated on objects in a gradient fashion (Downing, 1988; Shulman, Wilson, & Sheehy, 1985) . Attention can select the locations defined by objects, and attentional resources could decrease gradually over distance, much like spatial attention. Object-based attention theorists are correct in proposing that attention can spread over the attended object (e.g., Egly et al., 1994; Tipper, Weaver, Jerreat, & Burak, 1994) but incorrect in suggesting that attention can always propagate across the entirety of the object.
In conclusion, the present study is the first to demonstrate that perceptual load can modulate attentional deployment to objects and is supportive of findings for an object-based attention framework. Findings showing load-modulated object selection parallel the findings that show load modulation of spatial attention, thus indicating that there might be some common processes underlying object-based and spatial attention. In addition, the experiments reported here support the idea of object-guided rather than objectconstrained attention representations. The data suggests that attention operates by means of a mechanism of sensory enhancement that attempts to increase perceptual performance as broadly as possible, with a bias toward locations on an object of interest.
